We have shown previously that enkephalincontaining peptides of high molecular weight increase 10-to 15-fold 3 days after adrenal denervation and have suggested that much of this material may represent newly synthesized proenkephalin. In this paper we report that most of the material appearing after denervation is indeed intact proenkephalin. The putative proenkephalin was partially purified by gel filtration chromatography and HPLC. A molecular size of about 25 kDa was estimated by gel filtration. On HPLC, the putative proenkephalin was eluted at a much higher propanol concentration than the 18.2-kDa enkephalin-containing peptide isolated previously. Treatment of this putative proenkephalin with endoproteinase Lys-C showed it to contain [Met]-enkephalin, [Leu]enkephalin, [Met]enkephalin-Arg6-Phe7, and [Met]enkephalin-Arg6-Gly7-Leu8 in the same ratios as are found in proenkephalin as deduced from sequencing of proenkephalin cDNA.
In the report by Lewis et al. (1) on the marked increase in enkephalin-containing (EC) peptides in rat adrenal glands following denervation, it was conjectured that the largest and most abundant peptides that appeared were already products of the partial processing of proenkephalin. In a more detailed study on the time course of changes in EC peptides following denervation, Fleminger et al. (2) found that essentially all of the increase could be accounted for by the appearance of a peptide(s) larger than the largest EC peptide (18 kDa) isolated previously from bovine adrenal medulla (3) . We thought it likely to be intact proenkephalin. In the present report, we present convincing evidence that the EC peptide that increases markedly in rat adrenals following denervation is indeed intact proenkephalin.
MATERIALS AND METHODS
Sprague-Dawley rats (c, 150-200 g) with both their adrenal glands denervated by transection of the splanchnic nerve were obtained from Taconic Farms (Germantown, NY). The rats were killed by decapitation 48 hr after denervation and the adrenal glands were immediately removed and homogenized with a Polytron homogenizer at 4°C in 10 ml of 1 M acetic acid/0.1% 2-mercaptoethanol containing pepstatin/ leupeptin/phenylmethylsulfonyl fluoride at 1 ug of each/ml.
The extract was centrifuged at 800 x g for 20 min and the supernatant was then centrifuged at 100,000 x g for 16 hr. The final supernatant was applied to a Sephadex G-75 column (1.6 x 93 cm) equilibrated with 1 M acetic acid/0.1% 2-mercaptoethanol and the column was eluted at a flow rate of 30 ml/hr, collecting 3.7-ml fractions. The region containing the high molecular weight EC peptides was pooled, lyophilized, dissolved in 5 ml of 10% acetic acid/0.1% 2-mercaptoethanol and applied to an RP-8 column (25 x 1.0 cm). The column was developed with a gradient of 0-40o 1-propanol in 0.5 M pyridine acetate buffer (pH 4.0), collecting 3-ml fractions at a flow rate of 80 ml/min.
[Met]-and [Leu]enkephalin in each fraction were determined by specific radioimmunoassays after treatment with trypsin and carboxypeptidase B (3) to release the free pentapeptides.
The heptapeptide [Met] enkephalin-Arg6-Phe7, which is located at the carboxyl terminus of the proenkephalin molecule (4-7), was cleaved from the high molecular weight EC peptide(s) by treatment with endoproteinase Lys-C (Boehringer Mannheim). The enzyme was found to be devoid of trypsin contamination (<0.01%) as concluded from its inability to cleave the trypsin substrate benzoylarginine 4-methylcoumaryl 7-amide (Chemical Dynamics, South Plainfield, NJ) 0.1 mM in 0.2 M N-ethylmorpholine acetate buffer, pH 7.4, and was therefore used without further purification. Release of the octapeptide [Met] The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. acetate buffer, pH 8.0 (250 pl). From each fraction, 100 Al was taken for assay of heptapeptide (2) 
RESULTS AND DISCUSSION
It was shown previously (2) that the amounts of [Met]EC peptides in unilaterally denervated rat adrenal glands increase 10-to 15-fold over control values 2-5 days after denervation. Recently, a similar effect was observed in bilaterally denervated adrenal glands, both sides showing a >10-fold increase in [Met]EC peptides 72 hr after denervation. Though processing of the large EC peptide(s) in denervated rat adrenal glands is slow and limited (2), we chose to extract the glands only 48 hr after denervation to further minimize processing of any proenkephalin. One hundred fifty glands from 75 bilaterally denervated rats were extracted and the extract (3.7 nmol of EC peptides) was applied to a Sephadex G-75 column. As shown in Fig. 1 , the bulk of the EC peptides was eluted close to the void volume, indicating that the material was larger than 20 kDa. For comparison, the size distribution of EC peptides observed in extracts of bovine adrenal chromaffin granules under similar conditions is also shown. In the bovine adrenal gland, most of the EC peptides elute as intermediate size peptides (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) kDa). EC peptides in this size range are not generally found in extracts of rat adrenal glands. The largest EC peptide in bovine adrenal medulla is 18.2 kDa (3).
An aliquot of the high molecular weight material eluting from the Sephadex G-75 column was applied to a calibrated Fractogel TSK HW-50(F) column. As shown in Fig. 2 , a single peak was observed that coeluted with chymotrypsinogen (Mr = 25,000). Another aliquot of the same material was hydrolyzed with trypsin and carboxypeptidase B and the hydrolysate was applied to a calibrated RP-18 column. umn. A single peak of EC peptide(s) was eluted at a 1-propanol concentration of 32-34% (Fig. 3) . By contrast, the 18.2-kDa EC peptide from bovine adrenal medulla is known (3) to elute from a similar column at a 1-propanol concentration of 18-20%.
[Met]-and [Leulenkephalin were assayed within the peak of EC peptide. As shown in Fig. 3 Proc. Nad Acad Sci. USA 81 (1984) Proc. NatL Acad Sci USA 81 (1984) 7987 cleaves the hepta-and octapeptides. To gain more information on the nature of the high molecular weight EC peptide, we treated it with endoproteinase Lys-C, which cleaves LysXaa peptide bonds but not Arg-Xaa bonds, Xaa being any amino acid residue except proline. When an aliquot of the active peak from the RP-8 column was incubated with this enzyme, a quantitative, time-dependent release of heptapeptide immunoreactivity was observed (Fig. 4) . After 16 hr of incubation, 132 fmol of heptapeptide immunoreactivity was released from a sample containing a total of 880 fmol of [Metlenkephalin, yielding a [Metlenkephalin/heptapeptide ratio of 6.7. When the heptapeptide was assayed in each fraction of the peak eluted from the RP-8 column after treatment with endoproteinase Lys-C, an almost constant [Met]-enkephalin/heptapeptide ratio (5.6-6.8) was observed across the peak. The expected ratio for intact proenkephalin is 6. It should be noted that prior to treatment with the protease the intact large EC peptide reacted with the antiheptapeptide serum to the extent of about 25%. This is expected because the antiserum was prepared against the carboxyl terminus of the heptapeptide, which, in turn, is located at the carboxyl terminus of proenkephalin.
Complete digestion of bovine or rat proenkephalin with endoproteinase Lys-C and carboxypeptidase B should lead to the mixture of EC peptides shown in Table 1 . When the partially purified putative proenkephalin from rat adrenals was sequentially treated with endoproteinase Lys-C and carboxypeptidase B, it yielded the pattern of EC peptides on an RP-18 column shown in Fig. 5 (Fig. 3) Our data indicate that proenkephalin is synthesized de novo in rat adrenal glands following denervation. Kilpatrick et al. (15) have recently found that the specific mRNA for preproenkephalin increases in denervated rat adrenal glands and that the increase precedes the increase in EC peptides. These findings are consistent with the present studies and indicate that denervation stimulates proenkephalin biosynthesis at a transcriptional level or increases the half-life of the mRNA. It is pertinent that no enhancement of the processing activity was observed in denervated rat adrenal glands even when proenkephalin increased markedly (2), indicating that the biosynthesis of proenkephalin and its processing enzymes are controlled by different regulatory mechanisms.
